The objective of the study is to develop a balance-optimizing economic and mathematical model which enables predicting steady and sustainable development of a large municipal unit. Using the method of dynamic programming introduced by Richard Bellman, the authors worked out the economic and mathematical model for optimizing the key indicators of soсial and economic development of a municipal unit. The model used and predicted indicators included in the list of the key performance indicators of municipal unit authorities. There is an analysis of the results of applying the model for a large municipal unit -Novosibirsk. The calculations made by the authors indicate that the model may work with actual economic information and may be used for predicting and making managerial decisions at a municipal level.
Introduction
Applying a systematic approach to management in order to improve the efficiency of management decisions involves adapting multifunctional economic and mathematical tools for the decisions at the regional and municipal levels. Determining the directions, factors and conditions of sustainable social and economic development of a region or municipal unit in cooperation with other municipal, regional and federal governments requires the use of analytical tools to ensure systematic representation of the interconnections and processes of functioning of all parts of the regional and municipal economy. This analytics should balance the needs of economic actors (municipal units) and opportunities to meet them, the possibility of predicting the trajectories of economic and social development for various scenarios, including those concerning different levels of government with different planning horizons.
At present, the efficiency of social and economic development of municipal units is assessed in many ways, with the constantly developing system of indicators characterizing the achievements in these areas (Leksin, 2012) . In particular, there were approved indicators for assessing the efficiency of the local self-government bodies in urban and municipal districts in accordance with Resolution of the Government of the In the process of practical activities, the administration of a municipality (municipal unit) has the authority to influence the economy through the implementation of various projects, financing, subsidies and administrative, legislative support of a particular Decisions taken by municipal government are realised in changes in the revenue and (or) expenditure part of the municipal budget and (or) change in the qualitative indicators describing meeting the needs of the population in each financial cycle. Such decisions, as a rule, have long-term consequences, which exert a significant impact on the indicators of municipal development for several years. At the same time, the most important component of municipal governance is the budget process, and budgetary replenishment becomes one of the main criteria for evaluating the efficiency of the work of government bodies. Various forms of budget items should contribute to growth and equalization of spatial economic development indicators. Budgetary replenishment and use of budgetary funds of the municipality is conditioned by the properties of the financial and budgetary system, in which the change of some factors affects the other in a certain perspective. In light of this, adding funds to the budget depends not only on management decisions taken in previous periods, but rather it is the result of a whole set of factors, many of which can and should be governed by the authorities (Marshalova and Novoselov, 2011) .
The development of municipal units in the Russian Federation stands upon the decisions implemented by regional authorities to a great extent. Municipalities act as the backbone for the implementation of regional development programmes (Seliverstov, 2016) . In order to improve the balance of decision-making in municipal management, taking into account long-term goals, it is necessary to improve the economic and mathematical tools at the regional and municipal levels.
Methodology
Measuring and predicting the complex of factors involved in municipal development is quite a complicated task. In these conditions, the research in the field of modelling the social and economic development of the municipal units becomes especially relevant, as this modelling fosters building a plan-forecast in the long run, which would embrace interdependence of key indicators, based on the concept of a municipal unit as an integral balanced system. The models to be created should facilitate this task and provide guidelines for effective municipal management. Meanwhile, the creation of a system of planning and forecasting documents is a necessary condition for the formation of an effective management system (Novoselov, Marshalova, Burmatova, 2018) .
The aim of the present study is to build a balance-optimizing dynamic model, which allows for the forecasting of sustainable progressive development of a large municipality.
The research methodology is contingent on the balance-optimizing model of the municipality offered by the Institute of Economics and Industrial Engineering SB RAS. The novelty of the authors' original methodological approach consists in the development of a management model that 1) sets out conditions for real economic independence and increased engagement of municipalities as regards the implementation of economic development strategies, and 2) suggests the use of dynamic modelling techniques. The originality of the approach lies in the fact that during the development of the model the municipal economic system was considered as a part of the modern management system, which implies its openness. At the same time, the economy of the municipality is presented as a set of interrelated subsystems, which due to the intricate balance and optimization modelling and forecasting of the dynamics of social and economic development, is accompanied with plans to achieve joint and private target indicators. Above and beyond, the achievement of target values of social and economic development indicators is ensured under the conditions of meeting balance ratios and resource constraints.
Modelling as an element of the management system in a municipal unit
Development of models of multipart economic systems has a long tradition maintained both in Russia and abroad (Granberg, 1985) . The problems of modelling various aspects of municipal governance have been studied by many specialists; over the past twenty years, the following Russian and foreign scientists have made a significant contribution to these studies. Foreign experience in the field of modelling the development of municipal units is concentrated mainly in the field of application of general equilibrium models. These works are connected primarily with the choice of optimal functional forms for the description of markets and economic subjects, setting various a priori assumptions, extended explanations of external conditions, the transition from exogenous to endogenous definition of model parameters, etc. Herewith, the choice of functional forms and other parameters of modelling is made within the framework of solving a separate specialized task or given problems, for example, such as the housing market at the municipal level (Bayer, McMillan, Rueben, 2004; Tscharaktschiew and Hirte, 2009 ), demography of a certain city (Kingsland, 1995) , the impact of migration on the economic growth of the municipal unit (Feler and Henderson, 2008) , externalities in the urban economy (Verhoef and Nijkamp, 2003) , and other problems of municipal development (Bergman and Jorgenson and Zalai, 1990; Devarajan and Robinson, 1990; Henderson and Wang, 2005; Lofgren and Harris, Robinson, 2002; Lucas, 1988) .
A striking example of a systematic approach to urban development modelling is the work by D. Black, V. Henderson Urban Growth (Black and Henderson, 1997) . In this work, they modelled the development of cities, each of which specializes either in the production of type A (means of production) or type B (means of consumption 2006) . In this work, the authors develop the previously proposed theory based on the rejection of the division of cities into two types. It is taken for granted that cities contain both types of production concentrated at an exogenously defined point. We inspected variants of migration of the population striving to maximize their income and minimize their costs (renting, housing, commuting to the place of work) or to increase their level of education. Cobb-Douglas production function is used to describe employer firms, which incorporates human capital with the number of workers. Ultimately, the model demonstrates the relationship between the efficiency of the spatial organization of the city and the level of economic return on the factors of production that it possesses (in particular, land and human capital). Nevertheless, the model does not include municipal authorities as active agents influencing the development of the urban economy and management.
Thus, these models are for the most part of a theoretical nature and, consequently, are more appropriate for identifying individual patterns and testing the hypotheses put forward by researchers than for practical application. The result of the assessment whether a particular economic policy based on models of this type and conducted by local administrations turns out to be effective will depend to a large extent on the specification of functional forms in the description of economic agents.
The approaches outlined in the works of Russian authors differ both in the set of modelling and analysis tools and in the choice of the research object. As well as their foreign colleagues, Russian scientists do not scrutinize the municipal unit as a whole, but some of its functions or processes only. As a rule, they dwell on the distribution of financial means, other limited resources or tax burden. The works of Russian specialists can be conditionally divided into two main groups: qualitative and quantitative ones.
These approaches are not mutually exclusive and, in fact, they complement each other.
Concurrently, their joint application makes it possible to use the available information to the best and, as a consequence, to obtain more coherent models in terms of their compliance with the conditions observed in the object's life and their applicability in management practice.
An example of the use of qualitative analysis is presented in the article by Bellman equation allows us to find an optimal solution for a multidimensional problem by decomposing it into stages, each of which represents a subtask relative to one variable. The advantage of such an approach is that instead of a multidimensional problem one-dimensional optimization problems are solved at each stage. This generally corresponds to the characteristics of the budget process and annual planning in a municipal unit. In particular, long-term planning of municipal development allows for interpretation as a multistep decision-making process. The degree of solving the problems faced by a municipality is measured in the form of key indicators but it does not have a maximum limit in the long run, while retaining its structure as a whole.
Achieving these objectives is described via the application of multiple parameters.
The choice of (managerial) solution at each step does not affect the previous decisions (Novoselov, Gaiduk, Kovalev, 2016 ). The model uses an integral optimality criterion that sums up the criteria of the optimality of each stage. The described process of finding the optimal solution at each stage is presented in Fig. 1 (Gaiduk, Kovaleva, 2013) .
Municipal unit is represented by the dynamic system X in order to use the concept of Bellman. The condition of the system at the moment t is described by the vector demonstrating social-economic growth n t x R ∈ (the coordinates correspond to the indicators of growth), where x 0 is the сurrent condition of the system and x N is the target condition of the system, which is to be reached at the end of software period t=N.
The changing condition of the system from t x to 1 t x + is carried out under the effect As the difficulty of the system concerning municipal unit presupposes the effect from each t u (for instance, investment project) on some growth indicators in different spheres of municipal unit simultaneously, the vector of controlling actions should be displayed as the matrix vector with dimension (2×l) (Fig. 2) . 
As a result of solving the optimization problem, we get a list of calculated indicators The demographic block is the basic one for this model. For this block we made prior calculations, whose results are used in the main model blocks (dotted lines, Fig. 3 ).
For population forecast in municipal unit and its structures we used S-formed logistic function, which is traditionally applied for describing the growth in human population.
To forecast the structure of human population and labour resources we used the modified formula of exponential average, which increases the meaning of trends of the last two years in the calculation of future values of indicators. where S t -the share of the corresponding indicator in the structure at the period t.
When we introduce the expert assessment of the population for a year or for some years, we reassess the indicators of the logistic function and recalculate the forecast for the whole programming period. This block impacts calculations in the consumer block, in which the consuming level and the amount of saving of population are estimated.
The indicators are calculated based on obtained values after the balancing of model.
The solution to the optimization task is found in case the expert assessments of socialeconomic indicators are used.
The demand for education, medical health care, social services and etc. is evaluated based on the resulting forecasts of demographic indicators and standards for the provision of social services with the forecasts made by experts or calculated in reliance on reference values of indicators. Thus, we are able to evaluate the level of satisfaction of demand and need for the construction of social facilities, the increasing number of staff, financial resources required for the construction of these facilities annually depending on the period of occurrence of unsatisfied need.
The calculations in the budget block take into account the calculations in other blocks. Each iterative calculation is supposed to be the final. The income of local budget ( t OV ) during the period t is formed by its own income ( OV ) and also deductions from the federal budget for financing of expenditure obligations and in the form of governmental grants. The calculation of the accurate sum of grants for only one municipal unit is impossible, that is why we offer to use the dependence of the dynamics in the value of grants on the dynamics in municipal unit's own income as related to total expenditures of the local budget ( t TBC ). Besides, while in the previous year the budget of the municipal unit experienced surplus, the deductions from the federal budget did not increase. Having said that, we used the following formula for calculation in this model:
The expenditures of local budget t TBC , inter alia, include the expenditures of local budget on social programmes and also building social objects. The optimal order of realization of social projects, in turn, is determined during the solution of the optimization problem, taking into account the financial opportunities of budget, the latter depending on tax revenues and, as a consequence, the economic situation in the municipal unit.
Initial informational base of the calculations, according to the model, is data from Berdsk (small town near Novosibirsk). The resulting model was also successfully tested in another municipality of similar size -Kyzyl.
Discussion of the results
During the first stage of the study, carried out in 2016, we made the forecast After the first optimization of the forecast calculation we noticed that a number
of key indicators improved in relation to the basic forecast: on average the increment of key indicators of the municipality was 11 % at the end of the forecast period and for the education system this increment reached 53 %. In general, the results of the calculations are evaluated positively. Nonetheless, a more detailed examination of the results revealed the following specific features.
Throughout the forecast period, the savings of citizens ("Consumption" block) were reducing, in the first year of the forecast (2016) they trimmed down from 52 billion rubles to 2 billion rubles and by 2035 they will have demonstrated a deficit of 770 billion rubles. This is an extremely high value. The analysis showed that this result was the consequence of insufficient coverage of construction financing sources and the structure of the construction industry in Novosibirsk. The model initially assumes that the main source of construction financing is household disposable income and savings.
In its main assumptions this approach was consistent with the situation in Berdsk and Kyzyl, where the construction industry is dominated by housing construction financed by households, while the structure of construction in Novosibirsk is characterized by a wide variety of facilities and funding is provided from numerous sources, including the regional budget, federal budget, funds of migrants and other sources. At the first stage of adaptation of the model to the Novosibirsk data, the peculiarities of the construction industry of the city were taken into account. For calculating the distribution of household funds we took into consideration the following indicators: the volume of direct housing construction, the share of housing purchased by migrants, the share of mortgage loans and financing from maternity capital, the share of retail turnover provided for by the guests of the city. As a result of the implemented adjustments, the optimized forecast of the household economy became more realistic. Despite the fall in the forecast of 2016 and 2017, the accumulated savings of households restore positive dynamics the next year.
According to the results of calculations and optimization, the budget of Novosibirsk remains balanced, at the level of 34-36 billion rubles per year (Table 1) . The initial forecast was obtained by extrapolating the existing dynamics of budget revenues in the period from 2010 to 2015, taking into account changes in the structure of revenue sources. This version of the forecast is characterized by plummeting in revenues in 2016-2018 ( Fig. 4) .
A 45 % decline in revenues from a 2013 peak of almost 40 billion rubles to 22.6 billion rubles in 2016 would have extraordinary consequences for the financing of protected budget items and the municipal economy. The first application of the developed optimization algorithm allowed us to align the dynamics of the forecast of budget revenues with a minimum of 28.5 billion rubles (a decrease of 29 %). Improvements of the model carried out at the second stage, in particular, the clarification of the structure of income and expenditure of households, the structure of sources of the municipal budget in Novosibirsk, led to an even more smoothed dynamics of budget revenues. At the present stage of development of the model, according to the forecast, the budget's own revenues accounted for 32 billion rubles in the minimum value in 2017, i.e., the drop-in revenues compared to the peak year (2013) make up 20 %. By adjusting the revenue structure, a relative reduction in the expected budget deficit was achieved. Thus, in 2016 the deficit fell from 5 billion rubles per year to 1.4 billion rubles to attain surplus after 2021. The absence of long-term planning for inter-budgetary transfers complicates more elaborate forecasting for the Novosibirsk municipal budget. The result is undoubtedly and significantly affected by the absence of inflation factor in the model.
Conclusion
The initial use of the model allowed us to receive helpful results and adequate forecasts. Forecasting of the main development indicators for Novosibirsk has revealed the necessity of adapting the model regarding the features of this largest municipality.
As a result of the model's improvement, we obtained a significant positive shift in the forecasts of the city's economic development. Our calculations have shown that in general the model can process real economic information and give a constructive result, but it needs adaptation considering the scale of the municipal unit and the peculiar features of social and economic progress.
The advantage of the proposed methodology is its high flexibility, speed of calculation and recalculation of possible scenarios for city's development, the possibility of using statistical data, expert estimates and forecasts for various indicators in the future. Development and application of such tools will accelerate finding new solutions, Balance-optimizing economic and mathematical model has been being developed and improved already for several years, during this time not only separate improvements concerning the model's parameters have been achieved, but also there has appeared an opportunity to check the correctness of previously made forecasts. Overall, the planactual analysis showed insignificant deviations as regards different parameters of the city budget. The data of the optimized forecast are mostly influenced by the tendencies of the last years presented by the actual data. However, in the long run, the internal proportions of indicators are being optimized regardless of considerable growth of the economy as a whole, which corresponds to the expectations expressed by leading economists, in particular, A.G. Aganbegyan, who studied the conditions of insufficient government participation in the modernization of the Russian economy.
The results of the research show that the very idea of using dynamic quantitative models to optimize and harmonize the development of municipal unit remains soughtafter and promising. It is essentially important that this tool can evolve in general, improve ahead of schedule in relation to the variability of the external environment.
Thanks to the improvement of the model, it is possible to get a qualitative growth of indicators and provide an increase in the adequacy of its practical use in the management of socio-economic processes of the municipal unit.
